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3OURCESINK PLASMID TRANSFER DYNAMICS MAINTAIN GENE
MOBILITY IN SOIL BACTERIAL COMMUNITIES
*AMES 0 * (ALLA ! *AMIE 7OODAB %LLIE (ARRISONA AND -ICHAEL ! "ROCKHURSTA
A$EPARTMENT OF "IOLOGY 5NIVERSITY OF 9ORK 9ORK 5+ B$EPARTMENT OF -ATHEMATICS 5NIVERSITY OF 9ORK 9ORK 5+
3UBMITTED TO 0ROCEEDINGS OF THE .ATIONAL !CADEMY OF 3CIENCES OF THE 5NITED 3TATES OF !MERICA
(ORIZONTAL GENE TRANSFER IS A FUNDAMENTAL PROCESS IN BACTERIAL
EVOLUTION THAT CAN ACCELERATE ADAPTATION VIA THE SHARING OF GENES
BETWEEN LINEAGES #ONJUGATIVE PLASMIDS ARE THE PRINCIPAL GENETIC
ELEMENTS MEDIATING THE HORIZONTAL TRANSFER OF GENES BOTH WITHIN
AND BETWEEN BACTERIAL SPECIES)N SOME SPECIES PLASMIDS ARE UN
STABLE AND LIKELY TO BE LOST THROUGH PURIFYING SELECTION BUT WHEN
ALTERNATIVE HOSTS ARE AVAILABLE INTERSPECIlC PLASMID TRANSFER COULD
COUNTERACT THIS AND MAINTAIN ACCESS TO PLASMIDBORNE GENES 4O
INVESTIGATE THE EVOLUTIONARY IMPORTANCE OF ALTERNATIVE HOSTS TO
LONGTERM PLASMID POPULATION DYNAMICS IN AN ECOLOGICALLY RELEVANT
ENVIRONMENT WE ESTABLISHED SIMPLE SOIL MICROCOSM COMMUNITIES
COMPRISING TWO SPECIES OF COMMON SOIL BACTERIA 0SEUDOMONAS
mUORESCENS AND 0SEUDOMONAS PUTIDA AND A MERCURY RESISTANCE
(G2	 PLASMID P1"2 BOTH WITH AND WITHOUT POSITIVE SELECTION
IE ADDITION OF (G))		 )N SINGLESPECIES POPULATIONS PLASMID STA
BILITY VARIED BETWEEN SPECIES WHILE P1"2 SURVIVED BOTH WITH
AND WITHOUT POSITIVE SELECTION IN 0 mUORESCENS IT WAS LOST OR
REPLACED BY NONTRANSFERRABLE (G2 CAPTURED TO THE CHROMOSOME
IN 0 PUTIDA ! SIMPLE MATHEMATICAL MODEL SUGGESTS THESE DIFFER
ENCES WERE LIKELY DUE TO P1"2ಬS LOWER INTRASPECIlC CONJUGATION
RATE IN 0 PUTIDA "Y CONTRAST IN TWOSPECIES COMMUNITIES BOTH
MODELS AND EXPERIMENTS SHOW THAT INTRASPECIlC CONJUGATION FROM
0 mUORESCENS ALLOWED P1"2 TO PERSIST IN 0 PUTIDA VIA SOURCE
SINK TRANSFER DYNAMICS -OREOVER THE REPLACEMENT OF P1"2 BY
NONTRANSFERRABLE CHROMOSOMAL (G2 IN 0 PUTIDA WAS SLOWED IN
COCULTURE )NTERSPECIlC TRANSFER ALLOWS PLASMID SURVIVAL IN HOST
SPECIES UNABLE TO SUSTAIN THE PLASMID IN MONOCULTURE PROMOTING
COMMUNITYWIDE ACCESS TO THE PLASMIDBORNE ACCESSORY GENE POOL
AND THUS POTENTIATING FUTURE EVOLVABILITY
(ORIZONTAL GENE TRANSFER | PLASMIDS | MOBILE GENETIC ELEMENTS | MICRO
BIAL ECOLOGY
).42/$5#4)/.
)PSJ[POUBM HFOF USBOTGFS 	)(5
 JT B LFZ QSPDFTT JO CBDUFSJBM
FWPMVUJPO ESJWJOH UIF TQSFBE PG FDPMPHJDBMMZ BOE DMJOJDBMMZ JNQPS
UBOU USBJUT TVDI BT SFTJTUBODFT UP FOWJSPONFOUBM UPYJOT BOE BO
UJCJPUJDT 	
 $POKVHBUJWF QMBTNJET BSF FYUSBDISPNPTPNBM HFOFUJD
FMFNFOUT UIBU DBSSZ HFOFT GPS UIFJS IPSJ[POUBM USBOTGFS CFUXFFO
CBDUFSJB 	JF DPOKVHBUJPO
 BOE BSF QSJODJQBM NFEJBUPST PG )(5
CPUI XJUIJO BOE CFUXFFO TQFDJFT 	 
 #FDBVTF QMBTNJECPSOF
ಫBDDFTTPSZ HFOFTಬ 	JF HFOFT OPU EJSFDUMZ JOWPMWFE JO DPSF QMBTNJE
GVODUJPOT
 DBO FOIBODF UIF WJSVMFODF NFUBCPMJTN PS SFTJTUBODF
PG CBDUFSJBM IPTUT 	
 UIF QPQVMBUJPO EZOBNJDT PG QMBTNJET JT
GVOEBNFOUBMMZ JNQPSUBOU UP VOEFSTUBOEJOH CBDUFSJBM BEBQUBUJPO
	

1MBTNJET JNQPTF DPTUT PO UIFJS IPTUT 	
 BOE UIFPSZ TVH
HFTUT UIBU XJUIPVU QPTJUJWF TFMFDUJPO GPS BDDFTTPSZ HFOFT QMBT
NJET TIPVME CF MPTU GSPN CBDUFSJBM QPQVMBUJPOT EVF UP QVSJGZJOH
TFMFDUJPO VOMFTT DPVOUFSBDUFE CZ B IJHI SBUF PG DPOKVHBUJPO 	

 6OEFS QPTJUJWF TFMFDUJPO QMBTNJET TIPVME BMTP FWFOUVBMMZ CF
MPTU BT TFMFDUJPO GBWPVST DISPNPTPNBM JOUFHSBUJPO PG BDDFTTPSZ
HFOFT BOE MPTT PG UIF SFEVOEBOU QMBTNJE 	
 *O BEEJUJPO UP UIF
JNNFEJBUF MPTT PG BDDFTTPSZ HFOFT UIF MPTT PG DPOKVHBUJWF QMBT
NJET GSPN QPQVMBUJPOT EFDSFBTFT UIF QPUFOUJBM GPS )(5 UIFSFCZ
EJNJOJTIJOH B LFZ NPEF GPS BDRVJTJUJPO PG OPWFM BEBQUJWF HFOFT
BOE UIVT MJNJUJOH CBDUFSJBM FWPMWBCJMJUZ
4FWFSBMNFDIBOJTNT DPVME BDU UPNBJOUBJO QMBTNJET $PNQFO
TBUPSZ FWPMVUJPO DBO BNFMJPSBUF QMBTNJE DPTU UIFSFCZ XFBLFOJOH
TFMFDUJPO BHBJOTU UIF QMBTNJE 	
 )PXFWFS UIJT QSPDFTT JT VO
MJLFMZ UP TUBCJMJTF IJHIMZ VOTUBCMF QMBTNJET PS NBJOUBJO QMBTNJET JO
TNBMM QPQVMBUJPOT XIFSF UIF SBUF PG QMBTNJE MPTT JT MJLFMZ UP FYDFFE
UIF SBUF PG DPNQFOTBUPSZ FWPMVUJPO 1MBTNJET NBZ DBSSZ HFOFT
UIBU EJSFDUMZ FOIBODF UIFJS TUBCJMJUZ TVDI BT QBSUJUJPOJOH HFOFT PS
UPYJOBOUJUPYJO TZTUFNT CVU FWFO XIFO QSFTFOU TVDI TZTUFNT BSF
JNQFSGFDU SFTVMUJOH JO QMBTNJEGSFF TFHSFHBOUT 	
 1MBTNJET DBO
BMTP CF NBJOUBJOFE XJUIJO B IPTU TQFDJFT BT JOGFDUJPVT FMFNFOUT
QSPWJEFE DPOKVHBUJPO SBUFT BSF IJHI 	FH 	


"O BMUFSOBUJWF NFDIBOJTN JT GPS QMBTNJE MPTT JO B GPDBM IPTU
TQFDJFT UP CF DPVOUFSBDUFE CZ POHPJOH USBOTGFS GSPN BOPUIFS
TQFDJFT JO XIJDI UIF QMBTNJE JT TUBCMZ NBJOUBJOFE 4VDI JOUFS
TQFDJGJD DPOKVHBUJPO BOBMPHPVT UP USBOTNJTTJPO PG JOGFDUJPVT EJT
FBTF GSPN B SFTFSWPJS IPTU 	
 DPVME NBJOUBJO BDDFTT UP UIF
NPCJMF HFOF QPPM BMMPXJOH UIF GPDBM TQFDJFT UP SFNBJO FWPMV
UJPOBSJMZ SFTQPOTJWF UP UFNQPSBMMZ PS TQBUJBMMZ WBSJBCMF TFMFDUJPO
	
 1MBTNJET DBO CF TIBSFE CZ B DPOTJEFSBCMF GSBDUJPO PG UIF
NJDSPCJBM DPNNVOJUZ 	
 CVU TVSQSJTJOHMZ UIFSF IBWF CFFO GFX
FYQFSJNFOUBM UFTUT PG IPX UIF QSFTFODF PG BMUFSOBUJWF IPTUT BGGFDUT
QMBTNJE QPQVMBUJPO EZOBNJDT QBSUJDVMBSMZ PWFS QFSJPET MPOHFS
UIBO B GFX EBZT .PSFPWFS NPTU TUVEJFT PG QMBTNJE EZOBNJDT
IBWF CFFO QFSGPSNFE JO XFMMNJYFE SJDI MBCPSBUPSZ NFEJB XIJDI
EP OPU BEFRVBUFMZ SFQSFTFOU UIF QIZTJDBM TUSVDUVSF PS OVUSJFOU
BWBJMBCJMJUZ JO NPTU OBUVSBM NJDSPCJBM DPNNVOJUJFT 	 
 4USVD
UVSFE DPNNVOJUJFT NBZ QSFTFOU GFXFS PQQPSUVOJUJFT GPS QMBTNJE
EPOPST UP FODPVOUFS SFDJQJFOUT CVU DMVTUFSJOH PG HFOPUZQFT JO
3IGNIlCANCE
"ACTERIAL ADAPTATION THROUGH HORIZONTAL GENE TRANSFER IS CEN
TRAL TO MICROBIAL EVOLUTION AND IN THE CONTEXT OF ANTIBIOTIC
RESISTANCE REPRESENTS A GROWING CLINICAL THREAT #ONJUGATIVE
PLASMIDS ARE KEY MEDIATORS OF GENETIC EXCHANGE BOTH WITHIN
AND BETWEEN SPECIES %XPERIMENTAL STUDIES HAVE MOSTLY FO
CUSED ON PLASMID POPULATION DYNAMICS IN SINGLESPECIES POP
ULATIONS BUT BETWEENSPECIES TRANSFER COULD COUNTERACT PU
RIFYING SELECTION AND MAINTAIN PLASMIDS IN HOSTS THAT WOULD
OTHERWISE LOSE THEM 7E SHOW THAT PLASMIDS CAN BE LOST FROM
SINGLESPECIES POPULATIONS EVEN WHEN THEIR GENES ARE UNDER
SELECTION BECAUSE BENElCIAL GENES ARE CAPTURED BY THE CHRO
MOSOME )N CONTRAST EXPERIMENTS AND MODELS SHOW THAT IN
A TWOSPECIES COMMUNITY BETWEENSPECIES TRANSFER MAINTAINS
COMMUNITYWIDE ACCESS TO PLASMIDS PROMOTING THE SPREAD OF
THE ECOLOGICALLY AND CLINICALLY IMPORTANT GENES THEY CARRY
2ESERVED FOR 0UBLICATION &OOTNOTES
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&IG  #OCULTURE WITH FAVOURABLE HOST 0 mUORESCENS PROMOTES PLASMID CARRIAGE IN UNFAVOURABLE 0 PUTIDA !	 0 mUORESCENS POPULATIONS EVOLVED WITH  wGG
(G))	 4HE UPPER ROW OF SUBPANELS SHOWS SINGLESPECIES POPULATIONS THE LOWER ROW SHOWS POPULATIONS CULTURED ALONGSIDE 0 PUTIDA COCULTURE	 3IX REPLICATE
POPULATIONS COLUMNS LABELLED AದF	 WERE INITIATED FOR EACH TREATMENT %ACH SUBPANEL SHOWS FOR AN INDIVIDUAL POPULATION TOTAL DENSITY AT TRANSFER SOLID LINE	
THE DENSITY OF P1"2 lLLED GREEN AREA BELOW THE LINE	 AND THE DENSITY OF P1"2ದMER!MUTANTS lLLED PURPLE AREA BELOW THE LINE	 &OR CLARITY TICK MARKS
AT THE BOTTOM OF EACH SUBPANEL INDICATE SAMPLING TIMES AND GREEN ಫಬ SYMBOLS INDICATE DETECTION OF P1"2 ! BLACK CIRCLE AT THE lNAL SAMPLING POINT TRANSFER
	 INDICATES THAT (G2 REMAINED IN THE POPULATION AT THE END OF THE EXPERIMENT lLLED CIRCLES INDICATE P1"2 AND (G2	 REMAINED .OTE THAT NO P1"2ದ
MER! MUTANTS WERE DETECTED IN 0 mUORESCENS "	 0 mUORESCENS POPULATIONS EVOLVED WITH  wGG (G))	 !S PANEL ! EXCEPT EVOLVED WITH  wGG (G))	
#	 0 PUTIDA POPULATIONS EVOLVED WITH  wGG (G))	 !S PANEL ! EXCEPT POPULATIONS WERE 0 PUTIDA 4HE LOWER ROW OF SUBPANELS SHOWS POPULATIONS CULTURED
ALONGSIDE 0 mUORESCENS COCULTURE	 %ACH POPULATION OF COCULTURED 0 PUTIDA AದF WAS GROWN WITH THE CORRESPONDING COCULTURED 0 mUORESCENS POPULATION
AದF PANEL !	 $	 0 PUTIDA POPULATIONS EVOLVED WITH  wGG (G))	 !S PANEL # EXCEPT EVOLVED WITH  wGG (G))	 $IFFERENT YAXIS SCALES ARE USED FOR EACH
SPECIES 0 mUORESCENS DENSITY WAS ∼X 0 PUTIDA
TQBDF NBZ QSPNPUF TQFDJFT DPFYJTUFODF 	
 BOE BMTP BMMPX QMBT
NJET UP SBQJEMZ TXFFQ UISPVHI OB±WF SFDJQJFOU QPQVMBUJPOT PODF
FODPVOUFSFE 	 

5P UFTU IPX UIF QSFTFODF PG BMUFSOBUJWF IPTU TQFDJFT BGGFDUT
QMBTNJE QPQVMBUJPO EZOBNJDT XF FTUBCMJTIFE QPQVMBUJPOT PG 1TFV
EPNPOBT GMVPSFTDFOT 4#8 BOE 1TFVEPNPOBT QVUJEB ,5
FJUIFS JOEJWJEVBMMZ 	ಫTJOHMFTQFDJFTಬ
 PS UPHFUIFS 	ಫDPDVMUVSFಬ
 JO
TUFSJMF TPJM NJDSPDPTNT XIJDI PGGFS B TQBUJBMMZ TUSVDUVSFE MPX
SFTPVSDF BOE OFBSOBUVSBM FOWJSPONFOU 	
 1TFVEPNPOBET TVDI
BT 1 GMVPSFTDFOT BOE 1 QVUJEB BSF XJEFTQSFBE BOE PGUFO DPFY
JTU JO OBUVSBM TPJM DPNNVOJUJFT 	
 1PQVMBUJPOT XFSF GPVOEFE
XJUI B NFSDVSZ SFTJTUBODF 	)H3
 QMBTNJE 	UIF  LC Q2#3
JTPMBUFE GSPN UIF TBNF TJUF BT 1 GMVPSFTDFOT 4#8 	

 BU
∼ TUBSUJOHGSFRVFODZ XJUI BQQSPYJNBUFMZ FRVBM OVNCFST PG
Q2#3CFBSFST 	Q2#3
 JO FBDI TQFDJFT GPS UIF DPDVMUVSF
USFBUNFOU &WFSZ GPVS EBZT TBNQMFT XFSF USBOTGFSSFE JOUP GSFTI
NJDSPDPTNT XIJDI IBE FJUIFS CFFO QSFUSFBUFE XJUI TFMFDUJWF
MFWFMT PG NFSDVSJD DIMPSJEF 	 wHH )H	**

 PS XJUI BO FRVBM
WPMVNF PG XBUFS 	 wHH )H	**

 4VDI USBOTGFST SFQSFTFOU B
TJNQMF DPOUSPMMBCMF SFHJNF XIJDI BDUT BT B QSPYZ GPS UIF EZOBNJD
ಫUVSOPWFSಬ PG OVUSJFOUT PDDVSSJOH JO TPJM IBCJUBUT 	
 BOE 
wHH )H	**
 DPSSFTQPOET UP TQFDJGJD NFSDVSZ DPOUBNJOBUJPO TVDI
BT JO JOEVTUSJBM PS QPTUJOEVTUSJBM TJUFT 	
 5IF EZOBNJDT PG
UIF CBDUFSJBM QPQVMBUJPOT UIF GSFRVFODZ PG Q2#3 BOE UIF
GSFRVFODZ PG UIF NFSDVSZ SFEVDUBTF HFOF 	NFS"
 XFSF USBDLFE
PWFS  USBOTGFST 	BQQSPYJNBUFMZ ∼ HFOFSBUJPOT 4* 5FYU

2%35,43
1MBTNJE EZOBNJDT XFSF TUSPOHMZ BGGFDUFE CZ IPTU TQFDJFT BOE
DVMUVSF DPOEJUJPOT
5IF EZOBNJDT PG Q2#3 WBSJFE HSFBUMZ CFUXFFO TQFDJFT BOE
XJUI )H	**
 USFBUNFOU Q2#3 XBT HFOFSBMMZ NBJOUBJOFE JO 1
GMVPSFTDFOT VOEFS CPUI )H	**
 USFBUNFOUT HPJOH FYUJODU JO POMZ
POF SFQMJDBUF 	SFQMJDBUF B  wHH)H	**
 DPDVMUVSF
 6OEFS  wHH
)H	**
 	'JHVSF "
 QMBTNJE GSFRVFODJFT XFSF WBSJBCMF CFUXFFO
SFQMJDBUFT BOE BDSPTT UJNF QBSUJDVMBSMZ EVSJOH UIF FBSMZ QBSU PG
UIF FYQFSJNFOU /P TJHOJGJDBOU FGGFDU PG MJWJOH BMPOHTJEF 1 QVUJEB
DPVME CF EFUFDUFE JO UFSNT PG Q2#3 TVSWJWBM 	'JTIFSಬT &YBDU
5FTU Q  
 DPOTUBODZ 	8JMDPYPO 4JHOFE3BOL 5FTU ;  
Q  
 PS EZOBNJDT 	(-.. FGGFDU PG DPDVMUVSF QBSBNFUSJD
CPPUTUSBQQJOH Q  
 6OEFS  wHH )H	**
 CPUI JO POF
TQFDJFT BOE DPDVMUVSF USFBUNFOUT 	'JHVSF #
 Q2#3 GJYFE JO
1 GMVPSFTDFOT CZ USBOTGFS GJWF BOE SFNBJOFE TP VOUJM UIF FOE PG
UIF FYQFSJNFOU 1 GMVPSFTDFOT XBT UIFSFGPSF B GBWPVSBCMF IPTU GPS
Q2#3 JO UIBU JU HFOFSBMMZ NBJOUBJOFE UIF QMBTNJE SFHBSEMFTT
PG TFMFDUJWF FOWJSPONFOU

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&IG  ! TWOSPECIES MODEL PREDICTS BETWEENSPECIES CONJUGATION CAN PRO
MOTE PLASMID CARRIAGE IN AN UNFAVOURABLE HOST SPECIES !	 0LASMID FREQUENCY
IN SPECIES  0 mUORESCENSLIKE  XAXIS	 AND SPECIES  0 PUTIDALIKE  YAXIS	
WAS SIMULATED OVER  ITERATIONS OF A SIMPLE MASSACTION PLASMID DYNAMICS
MODEL 4HE MODEL WAS INITIATED WITH VARYING PLASMID STARTING FREQUENCIES
  AND 	 !RROWS INDICATE THE PASSAGE OF TIME FOR EACH SIMULATION
AND A COLOURED CIRCLE INDICATES THE lNAL STATE -ODELS OMITTING CONJUGATION
GREY	 RESULT IN THE LOSS OF PLASMID FROM BOTH SPECIES -ODELS OMITTING
INTERSPECIlC CONJUGATION RED	 RESULT IN PLASMIDMAINTENANCE IN SPECIES  BUT
EXTINCTION IN SPECIES  WHEREAS MODELS INCLUDING INTERSPECIlC CONJUGATION
BLUE	 RESULT IN PLASMID MAINTENANCE AT LOW LEVELS IN SPECIES  "	 :OOMED
VIEW OF PANEL ! 7ITH INTERSPECIlC CONJUGATION THE PLASMID IS MAINTAINED AT
APPROXIMATELY  IN SPECIES 
*O DPOUSBTU Q2#3 XBT QPPSMZ NBJOUBJOFE JO TJOHMFTQFDJFT
1 QVUJEB QPQVMBUJPOT *O UIF  wHH )H	**
 TJOHMFTQFDJFT USFBU
NFOU 	'JHVSF $ VQQFS SPX
 Q2#3 EFDSFBTFE SBQJEMZ JO
GSFRVFODZ BOE VMUJNBUFMZ XFOU FYUJODU JO BMM SFQMJDBUFT SFTVMUJOH
JO B DPNQMFUFMZ )H	**
TFOTJUJWF QPQVMBUJPO *O UIF  wHH )H	**

TJOHMFTQFDJFT USFBUNFOU 	'JHVSF % VQQFS SPX
 Q2#3 GSF
RVFODZ JODSFBTFE UP OFBSGJYBUJPO JO BMM QPQVMBUJPOT CFGPSF USBOT
GFS GJWF )PXFWFS NVUBOUT UIBU MPTU Q2#3 CVU SFUBJOFE UIF
NFSDVSZ SFEVDUBTFNFS" HFOF 	Q2#3ದNFS"
 TPPO FNFSHFE
BOE SFBDIFE IJHI GSFRVFODZ 	
 JO BMM QPQVMBUJPOT *O 
SFQMJDBUFT Q2#3ದ NFS" NVUBOUT FWFOUVBMMZ PVUDPNQFUFE
QMBTNJE CFBSFST SFTVMUJOH JO QMBTNJE FYUJODUJPO CZ UIF FOE PG UIF
FYQFSJNFOU *O TJOHMFTQFDJFT QPQVMBUJPOT UIFSFGPSF Q2#3
XBT TJHOJGJDBOUMZ NPSF MJLFMZ UP HP FYUJODU XIFO JUT IPTU XBT 1
QVUJEB SBUIFS UIBO 1 GMVPSFTDFOT CPUI VOEFS QBSBTJUJD  wHH
)H	**
 	'JTIFSಬT &YBDU 5FTU Q  
 BOE NVUVBMJTUJD  wHH
)H	**
 	Q  
 DPOEJUJPOT 1 QVUJEB XBT UIFSFGPSF BO VO
GBWPVSBCMF Q2#3 IPTU JO UIBU JU HFOFSBMMZ MPTU UIF QMBTNJE
SFHBSEMFTT PG TFMFDUJWF FOWJSPONFOU
)PXFWFS MJWJOH JO DPDVMUVSF XJUI 1 GMVPSFTDFOT IBE B QPTJUJWF
FGGFDU PO Q2#3 DBSSJBHF CZ 1 QVUJEB VOEFS CPUI )H	**
 DPO
EJUJPOT *O  wHH )H	**
 	'JHVSF $ MPXFS SPX
  DPDVMUVSFE
1 QVUJEB QPQVMBUJPOT DBSSJFE Q2#3 BU EFUFDUBCMF MFWFMT EVSJOH
UIF FYQFSJNFOU QBSUJDVMBSMZ JO UXP SFQMJDBUFT 	F BOE G
 $POUSPM
FYQFSJNFOUT JO XIJDI XF NJYFE QMBTNJEDPOUBJOJOH 1 GMVPSFTDFOT
BOE QMBTNJEGSFF 1 QVUJEB JNNFEJBUFMZ CFGPSF TQSFBEJOH PO TF
MFDUJWFNFEJB EJE OPU ZJFME BOZ USBOTDPOKVHBOUT 	4* 5FYU
 TVHHFTU
JOH UIBU UIFTF DMPOFT DBSSJFE Q2#3 JO TJUV SBUIFS UIBO BDRVJSJOH
JU PO UIF TVSGBDF PG UIF BHBS QMBUF Q2#3 UIFSFGPSF CFOFGJUUFE
GSPN B SFEVDFE DIBODF PG FYUJODUJPO JO DPDVMUVSFE 1 QVUJEB JO
 wHH )H	**
 	'JTIFSಬT &YBDU 5FTU Q  
 BOE XF EFUFDUFE
B QPTJUJWF FGGFDU PG DPDVMUVSF PO UIF GSFRVFODZ PG 1 QVUJEB
QMBTNJEDBSSJFST PWFS UJNF 	(-.. FGGFDU PG DPDVMUVSFUSBOTGFS
QBSBNFUSJD CPPUTUSBQQJOH Q   FGGFDU PG DPDVMUVSF Q 

 5IF FYDFQUJPO XBT SFQMJDBUF B JO XIJDI Q2#3 BMTP XFOU
FYUJODU JO UIF DPDVMUVSFE 1 GMVPSFTDFOT QPQVMBUJPO
*O  wHH )H	**
 	'JHVSF % MPXFS SPX
 MJLF XJUI TJOHMF
TQFDJFT DVMUVSF Q2#3ದ NFS" NVUBOUT BSPTF JO BMM DP
DVMUVSFE 1 QVUJEB QPQVMBUJPOT )PXFWFS JO  DPDVMUVSFE QPQ
&IG  3HORT TERM EXPERIMENTS SHOWMAINTENANCE OF P1"2 BY CONJUGATION
!	 0 mUORESCENS DONOR AND 0 mUORESCENS RECIPIENT 3IX REPLICATE POPULATIONS
COLUMNS AದF	 WERE INITIATED FOR EACH TREATMENT %ACH SUBPANEL SHOWS THE
DENSITIES AT TRANSFER OF BACTERIA THAT BEGAN WITH P1"2 ಫDONORSಬ DASHED
LINE	 AND BACTERIA THAT BEGAN WITHOUT P1"2 ಫRECIPIENTSಬ SOLID LINE	 4HE
DENSITY OF P1"2 IS SHOWN FOR THE DONORS lLLED YELLOW AREA BELOW THE
DASHED LINE	 AND THE RECIPIENTS lLLED GREEN AREA BELOW THE SOLID LINE	 !T THE
BOTTOM OF EACH SUBPANEL TICKS INDICATE SAMPLING POINTS GREEN ಫಬ SYMBOLS
INDICATE DETECTION OF PLASMIDBEARING RECIPIENTS AND A BLACK CIRCLE INDICATES
DETECTION OF PLASMIDBEARING RECIPIENTS AT THE END OF THE EXPERIMENT "	
!S PANEL ! EXCEPT THE DONOR SPECIES WAS 0 mUORESCENS AND THE RECIPIENT
SPECIES WAS 0 PUTIDA 4HE SMALLER SUBPANELS BELOW REPLICATES B C AND D SHOW
ZOOMED REGIONS OF THE UPPER SUBPANELS TO INDICATE LOW FREQUENCY P1"2
0 PUTIDA #	 !S PANEL ! EXCEPT WITH 0 PUTIDA DONOR AND 0 mUORESCENS
RECIPIENT
VMBUJPOT UIFTF NVUBOUT SFNBJOFE ื  BOE JO POF SFQMJDBUF
	C
 UIFZ XFSF TVCTFRVFOUMZ MPTU 0WFSBMM UIF QSFTFODF PG 1
GMVPSFTDFOT IBE B QPTJUJWF FGGFDU PO UIF GSFRVFODZ PG QMBTNJE
DBSSJBHF JO 1 QVUJEB JO  wHH )H	**
 	(-.. FGGFDU PG DP
DVMUVSFUSBOTGFS QBSBNFUSJD CPPUTUSBQQJOH Q  FGGFDU PG DP
DVMUVSF Q  
 UIPVHI XF EJE OPU EFUFDU B TJHOJGJDBOU EJGGFS
FODF JO QMBTNJE FYUJODUJPO CFUXFFO TJOHMFTQFDJFT BOE DPDVMUVSFE
1 QVUJEB 	'JTIFSಬT &YBDU 5FTU Q  
 QSPCBCMZ CFDBVTF TUSPOH
TFMFDUJPO GPS )H3 BOE IFODF Q2#3 JOJUJBMMZ SFTVMUFE JO IJHI
GSFRVFODJFT PG Q2#3 1 QVUJEB JO BMM QPQVMBUJPOT JO UIF
FBSMZ QBSU PG UIF FYQFSJNFOU $PDVMUVSJOH XJUI UIF GBWPVSBCMF
IPTU 1 GMVPSFTDFOT UIFSFGPSF FOIBODFE QMBTNJE QSFTFODF JO UIF
VOGBWPVSBCMF IPTU 1 QVUJEB CPUI XIFO QMBTNJECPSOF HFOFT XFSF
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VOEFS QPTJUJWF TFMFDUJPO 	 wHH )H	**

 BOE XIFO UIF QMBTNJE
XBT QBSBTJUJD 	 wHH )H	**


Q2#3 XBT TVTUBJOFE CZ DPOKVHBUJWF USBOTGFS
8JUIJO TQFDJFT UIFPSZ QSFEJDUT UIBU WBSJBUJPO JO QMBTNJE EZ
OBNJDT JT EFUFSNJOFE CZ UIF OFU DPTU PG DBSSJBHF BOE UIF SBUFT PG
DPOKVHBUJWF USBOTGFS BOE TFHSFHBUJPOBM MPTT 	 
 %JGGFSFODFT JO
Q2#3 TUBCJMJUZ CFUXFFO 1 QVUJEB BOE 1 GMVPSFTDFOT DBOOPU CF
FYQMBJOFE CZ DPTUT CFDBVTF XF GPVOE Q2#3 UP CF NPSF DPTUMZ
JO 1 GMVPSFTDFOT XIJDI NBJOUBJOFE UIF QMBTNJE UIBO JO 1 QVUJEB
XIJDI EJE OPU 	4* 5FYU
 *O DPOUSBTU XF GPVOE UIBU Q2#3 IBE
B SFMBUJWFMZ IJHI JOUSBTQFDJGJD DPOKVHBUJPO SBUF JO 1 GMVPSFTDFOT
BQQSPYJNBUFMZ Y UIBU JO 1 QVUJEB 	4* 5FYU
 XIJDI NJHIU
FYQMBJO NBJOUFOBODF BOE TQSFBE PG Q2#3 JO 1 GMVPSFTDFOT
XJUIPVU QPTJUJWF TFMFDUJPO 'VSUIFSNPSF XF DPVME EFUFDU JOUFSTQF
DJGJD USBOTGFS PG Q2#3 JO CPUI EJSFDUJPOT 	4* 5FYU
 *G Q2#3
DPVME CF NBJOUBJOFE JO 1 GMVPSFTDFOT CZ JOUSBTQFDJGJD DPOKVHBUJPO
UIFO JO DPDVMUVSF 1 GMVPSFTDFOTNJHIU BDU BT B TPVSDF GPS 1 QVUJEB
UISPVHI JOUFSTQFDJGJD DPOKVHBUJPO "MUFSOBUJWFMZ WBSJBUJPO JO UIF
SBUF BU XIJDI QMBTNJEGSFF TFHSFHBOUT BSJTF 	TFHSFHBUJPO SBUF
NBZ
FYQMBJO EJGGFSFODFT JO QMBTNJE NBJOUFOBODF CFUXFFO UIF TQFDJFT
5P FYQMPSF UIF SPMF PG UIFTF QSPDFTTFT XF GJSTU UFTUFE UIF FGGFDU
PG DPOKVHBUJPO JO B TJNQMFNBTTBDUJPONPEFM PG QMBTNJE EZOBNJDT
	
 BEBQUFE UP JODMVEF UXP TQFDJFT 'PS TQFDJFT  UIF DIBOHF JO
UIF OVNCFS PG QMBTNJEGSFF CBDUFSJB PWFS UJNF JT HJWFO CZ
()
BOE UIF DIBOHF JO UIF OVNCFS PG QMBTNJEDPOUBJOJOHCBDUFSJB JT
HJWFO CZ
, ()
XIFSF JT UIF TQFDJFT TQFDJGJD QMBTNJEGSFF HSPXUI SBUF
JT UIF TQFDJFT TQFDJGJD QMBTNJECFBSJOH HSPXUI SBUF JT UIF
TQFDJFT  JOUSBTQFDJGJD DPOKVHBUJPO SBUF JT UIF JOUFSTQFDJGJD
DPOKVHBUJPO SBUF GSPN TQFDJFT  UP TQFDJFT  JT UIF TQFDJFT
TQFDJGJD DBSSZJOH DBQBDJUZ JT UIF QMBTNJE TFHSFHBUJPO SBUF
BOE JT UIF XBTIPVU SBUF 4JNJMBS FRVBUJPOT XFSF XSJUUFO VTJOH
UIF TQFDJFT TQFDJGJD QBSBNFUFST UP EFTDSJCF UIF EZOBNJDT PG
BOE  XJUI JOUSBTQFDJGJD DPOKVHBUJPO SBUF BOE JOUFSTQFDJGJD
DPOKVHBUJPO SBUF GSPN TQFDJFT  UP TQFDJFT   #FDBVTF XF
EJE OPU EFUFDU B TJHOJGJDBOU FGGFDU PG DPDVMUVSF PO UIF HSPXUI
SBUFT PS DBSSZJOH DBQBDJUJFT PG 1 GMVPSFTDFOT PS 1 QVUJEB 	4* 5FYU

XF BTTVNFE UIBU JOUFSTQFDJGJD DPNQFUJUJPO EJE OPU HSFBUMZ BGGFDU
HSPXUI EZOBNJDT 1BSBNFUFS FTUJNBUFT XFSF PCUBJOFE FYQFSJNFO
UBMMZ GPS 1 GMVPSFTDFOT 	ಫTQFDJFT ಬ
 BOE 1 QVUJEB 	ಫTQFDJFT ಬ TFF
4* 5FYU
 XIFSF QPTTJCMF BOE UIF GPVSFRVBUJPO NPEFM SVO XJUI
WBSZJOH TUBSUJOH QMBTNJE GSFRVFODJFT GPS  JUFSBUJPOT FJUIFS
XJUI JOUFSTQFDJGJD BOE JOUSBTQFDJGJD DPOKVHBUJPO XJUI JOUSBTQF
DJGJD DPOKVHBUJPO POMZ PS XJUIPVU BOZ DPOKVHBUJPO 5P UFTU UIF
SPCVTUOFTT PG UIF RVBMJUBUJWF NPEFM QSFEJDUJPOT XF BMTP SBO UIF
NPEFM XJUI TFUT PG QBSBNFUFST SBOEPNMZ ESBXO GSPN B XJEF SBOHF
PG QMBVTJCMF WBMVFT 	4VQQMFNFOUBSZ 'JHVSFT 4ದ4
 5IF NPEFM
XJUI OP DPOKVHBUJPO VMUJNBUFMZ TBX QMBTNJE FYUJODUJPO JO CPUI
TQFDJFT 	'JHVSF 
 8JUI JOUSBTQFDJGJD DPOKVHBUJPO UIF QMBTNJE
TUBCJMJTFE BU∼ JO TQFDJFT  BMUIPVHI JU XFOU FYUJODU JO TQFDJFT
 *NQPSUBOUMZ BEEJOH JOUFSTQFDJGJD DPOKVHBUJPO BMMPXFE QMBTNJE
QFSTJTUFODF JO CPUI TQFDJFT BMCFJU BU MPX GSFRVFODZ JO TQFDJFT 
	∼ 'JHVSF #
 'VSUIFS FYQMPSBUJPO PG UIF QBSBNFUFS TQBDF
TIPXFE UIBU QMBTNJE TVSWJWBM JO TQFDJFT  XBT EVF UP IJHIFS MFWFMT
PG JOUSBTQFDJGJD DPOKVHBUJPO XIJDI JO UVSO XBT EVF UP DPOKVHBUJPO
SBUF BOE UP B MFTTFS FYUFOU UIF MBSHFS QPQVMBUJPO TJ[F PG TQFDJFT
 	'JHVSF 4
 XIJMF QMBTNJE TVSWJWBM JO TQFDJFT  EFQFOEFE PO
QMBTNJE TVSWJWBM JO TQFDJFT  BOE JOUFSTQFDJGJD DPOKVHBUJPO GSPN
TQFDJFT  UP TQFDJFT  	'JHVSF 4
 4FHSFHBUJPO SBUFT IPXFWFS
DPVME CF WBSJFE PWFS B MBSHF SBOHFXJUIPVU RVBMJUBUJWF FGGFDU PO UIF
NPEFM QSFEJDUJPOT TVHHFTUJOH UIF PCTFSWFE QMBTNJE EZOBNJDT BSF
CFUUFS FYQMBJOFE CZ JOUSB BOE JOUFSTQFDJGJD DPOKVHBUJPO 	'JHVSF
4

5IF NBTTBDUJPO NPEFM JT B TJNQMF BQQSPYJNBUJPO PG UIF
FDPMPHJDBM TZTUFN BOE IFODF FYDMVEFE NBOZ EFUBJMT NPTU OPUBCMZ
UIF TQBUJBM TUSVDUVSF JOIFSFOU UP TPJM 5IFSFGPSF UP FYQMJDJUMZ
UFTU UIF QSFEJDUFE JNQPSUBODF PG DPOKVHBUJPO JO QMBTNJE NBJO
UFOBODF XF SBO TIPSUUFSN FYQFSJNFOUT VTJOH NBSLFE TUSBJOT UP
GPMMPX UIF EFOTJUJFT BOE QMBTNJE TUBUVT PG CBDUFSJB CFHJOOJOH XJUI
	ಫEPOPSTಬ
 BOE XJUIPVU Q2#3 	ಫSFDJQJFOUTಬ
 *O TJOHMFTQFDJFT
1 GMVPSFTDFOT QPQVMBUJPOT 	1 GMVPSFTDFOT EPOPS BOE SFDJQJFOU
'JHVSF "
 DPOTJTUFOU XJUI UIF DPTU PG Q2#3 XF GPVOE UIBU
EPOPST XFSF SBQJEMZ PVUDPNQFUFE CZ SFDJQJFOUT BOE XFSF OPU
EFUFDUFE JO BOZ SFQMJDBUF CZ UIF FOE PG UIF FYQFSJNFOU 	 USBOT
GFST
 )PXFWFS UIF QMBTNJE XBT NBJOUBJOFE JO BMM SFQMJDBUFT BU
∼ EVF UP USBOTGFS JOUP UIF SFDJQJFOU TUSBJO 5IFTF SFTVMUT
RVBMJUBUJWFMZ DPOTJTUFOU XJUI UIF NBTTBDUJPO NPEFM TIPX UIBU
Q2#3 TVSWJWBM JO 1 GMVPSFTDFOT BU MFBTU JO UIF TIPSU UFSN
XBT UISPVHI DPOKVHBUJWF USBOTGFS 5P UFTU XIFUIFS DPIBCJUJOH
XJUI QMBTNJECFBSJOH 1 GMVPSFTDFOT QSPNPUFE QMBTNJE DBSSJBHF
JO 1 QVUJEB XF DPDVMUVSFE SFDJQJFOU 1 QVUJEB XJUI EPOPS 1
GMVPSFTDFOT $POTJTUFOU XJUI UIF NPEFM SFTVMUT XF GPVOE QMBTNJE
CFBSJOH 1 QVUJEB BU MPX GSFRVFODJFT CPUI EVSJOH UIF FYQFSJNFOU
	 SFQMJDBUFT
 BOE BU UIF FOE PG UIF FYQFSJNFOU 	 SFQMJDBUFT
'JHVSF #
 *OUFSFTUJOHMZ EFTQJUF CFHJOOJOH UIF FYQFSJNFOU BU B
QMBTNJE GSFRVFODZ PG  QMBTNJE DBSSJBHF JO 1 GMVPSFTDFOT XBT
SFEVDFE UP ∼ CZ UIF FOE PG UIF FYQFSJNFOU EFNPOTUSBUJOH
UIF FNFSHFODF PG BOE TFMFDUJPO GPS QMBTNJEGSFF TFHSFHBOUT 8F
BMTP UFTUFE XIFUIFS DPIBCJUJOH XJUI EPOPS 1 QVUJEB BMMPXFE
Q2#3 JOWBTJPO PG B QMBTNJEGSFF 1 GMVPSFTDFOT SFDJQJFOU QPQV
MBUJPO *O BMM SFQMJDBUFT XF EFUFDUFE QMBTNJECFBSJOH 1 GMVPSFTDFOT
	'JHVSF $
 BOE JO UXP SFQMJDBUFT F BOE G QMBTNJE DBSSJBHF
CZ 1 GMVPSFTDFOT SFBDIFE GSFRVFODJFT TVGGJDJFOU GPS QSPMPOHFE
NBJOUFOBODF 	BT EFUFSNJOFE CZ DPNQBSJTPO XJUI 'JHVSF "
 *O
DPOUSBTU XF TBX NBSLFE QMBTNJE MPTT GSPN 1 QVUJEB JO BMM SFQMJ
DBUFT EVF UP DPNQFUJUJPO GSPN QMBTNJEGSFF TFHSFHBOUT 5IFTF
EBUB BSF UIFSFGPSF OPU DPOTJTUFOU XJUI BO BMUFSOBUJWF IZQPUIFTJT
UIBU Q2#3 NBJOUFOBODF JO 1 QVUJEB JO DPDVMUVSF XBT EVF
UP TPNF PUIFS JOUFSTQFDJGJD JOUFSBDUJPO 	FH QMBTNJECPSOF HFOFT
UIBU QSPWJEF B TFMFDUJWF BEWBOUBHF UP 1 QVUJEB POMZ BMPOHTJEF 1
GMVPSFTDFOT
 "MUIPVHI NBTTBDUJPO NPEFMT BSF NPSF DPNNPOMZ
VTFE UP EFTDSJCF MJRVJE DVMUVSFT PVS BCJMJUZ UP DBQUVSF UIF RVBM
JUBUJWF GFBUVSFT TFFO JO UIF TPJM NJDSPDPTNT JT DPOTJTUFOU XJUI
SFQPSUT UIBU TQBUJBM TUSVDUVSF IBT MJUUMF FGGFDU PO QMBTNJE USBOTGFS
EZOBNJDT XIFO EPOPS BOE SFDJQJFOU CBDUFSJB FODPVOUFS FBDI
PUIFS FBSMZ JO UIF HSPXUI DZDMF 	
 5PHFUIFS UIFTF SFTVMUT TIPX
UIBU DPOKVHBUJWF USBOTGFS VOEFSMJFT UIF JOWBTJPO BOE NBJOUFOBODF
PG NPCJMF SFTJTUBODF HFOFT JO B GBWPVSBCMF CBDUFSJBM IPTU BOE JO TP
EPJOH BMMPXT OFJHICPVSJOH VOGBWPVSBCMF IPTU TQFDJFT TVTUBJOFE
BDDFTT UP UIPTF HFOFT
*OUFSTQFDJGJD QMBTNJE USBOTGFS DBO NBJOUBJO HFOF NPCJMJUZ JO
VOGBWPVSBCMF IPTU TQFDJFT
*O NVMUJTQFDJFT DPNNVOJUJFT GBWPVSBCMF IPTUT DPVME BDU BT
ಫTPVSDFTಬ PG QMBTNJE GPS PUIFS DPNNVOJUZ NFNCFST 5P FYQMPSF
UIF FGGFDUT PG B QMBTNJE TPVSDF PO B OFJHICPVSJOH TQFDJFT XF
BEBQUFE PVS NPEFM GPS B TJOHMF GPDBM TQFDJFT CZ SFQMBDJOH UIF
FYQMJDJU JOUFSTQFDJGJD DPOKVHBUJPO UFSN JO FRVBUJPOT 	
 BOE
	
 XJUI B SBUF DPOTUBOU  SFQSFTFOUJOH UIF TVN PG BMM JOUFSTQFDJGJD
DPOKVHBUJPO FWFOUT XJUI BO FYUFSOBM 	GJYFE
 QPQVMBUJPO 5IJT HJWFT
FRVBUJPOT 	
 BOE 	
 BMMPXJOH BOBMZUJD QSPHSFTT 	4* 5FYU

()
.()
8JUIPVU B QMBTNJE TPVSDF 	  
 QMBTNJE GSFRVFODZ JO UIF GPDBM
TQFDJFT JT EFUFSNJOFE QSJNBSJMZ CZ UIF CBMBODF PG UIF QMBTNJE DPTU
BOE UIF 	JOUSBTQFDJGJD
 DPOKVHBUJPO SBUF 6OEFS NPTU QBSBNFUFS
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DPNCJOBUJPOT UIF QMBTNJE FJUIFS GJYFT PS JT DPNQMFUFMZ MPTU BOE
XJUI POMZ B WFSZ OBSSPX SFHJPO PG QBSBNFUFS TQBDF UIBU SFTVMUT JO
B NJYFE QPQVMBUJPO PG QMBTNJECFBSJOH BOE QMBTNJEGSFF JOEJWJE
VBMT 	'JHVSF 4
 "EEJOH B QMBTNJE TPVSDF 	  
 FMJNJOBUFT UIF
SFHJPO PG QBSBNFUFS TQBDF JO XIJDI UIF QMBTNJE JT BCTFOU GSPN UIF
GPDBM TQFDJFT BOE FYQBOET UIF SFHJPO SFTVMUJOH JO QMBTNJE GJYBUJPO
JO UIF GPDBM TQFDJFT 	'JHVSF 4
 " QMBTNJE TPVSDF JODSFBTFT UIF
FGGFDUJWF DPOKVHBUJPO SBUF GPS UIF GPDBM TQFDJFT JO UIF TJNQMJGJFE
DBTF XIFSF TFHSFHBUJPO JT OFHMFDUFE UIJT JODSFBTF JT MJOFBS XJUI
UIF JOUFSTQFDJGJD DPOKVHBUJPO SBUF 	4* 5FYU

/FYU XF DPOTJEFSFE XIFO QMBTNJECPSOF HFOFT BSF VOEFS
QPTJUJWF TFMFDUJPO CVU DBO CF DBQUVSFE CZ UIF DISPNPTPNF BU
B MPX SBUF UP QSPEVDF DISPNPTPNBM NVUBOUT XIJDI CFOFGJU
GSPN UIF DBQUVSFE HFOFT SFHBSEMFTT PG XIFUIFS UIFZ BMTP DBSSZ
UIF QMBTNJE 8F FYQBOEFE FRVBUJPOT 	
 BOE 	
 BOE BEEFE UXP
GVSUIFS FRVBUJPOT UP EFTDSJCF QMBTNJEGSFF BOE QMBTNJECFBSJOH
DISPNPTPNBM NVUBOUT 	 BOE SFTQFDUJWFMZ
 	

()
()
()
()
XIFSF SFQSFTFOUT TFMFDUJPO BHBJOTU QMBTNJEGSFF CBDUFSJB UIBU
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 PLASMID STATUS IN EACH
SPECIES WAS ASSESSED BY 0#2 ON∼ COLONIES USING PRIMERS TARGETING PLASMID
LOCI AND THEMER! GENE 3) 4EXT	 &OR THE SHORTTERM EXPERIMENT WE ASSESSED
PLASMID STATUS BY REPLICA PLATING ONTO (G))	 PLATES AND TESTED REPRESENTATIVE
COLONIES BY 0#2 4O TEST FOR (G2 AT THE END OF THE EXPERIMENTS WE ALSO SPREAD
SAMPLES ON (G))	 PLATES CONTAINING SPECIESSELECTIVE ANTIBIOTICS AND TESTED
REPRESENTATIVE COLONIES BY 0#2 &OR THE  wGG TREATMENT WE SAMPLED UP TO
 COLONIES "ECAUSE WE TESTED APPROXIMATELY THE SAME NUMBER OF COLONIES
FROM EACH SPECIES DIFFERENCES IN POPULATION SIZE BETWEEN THE TWO SPECIES
DID NOT AFFECT DETECTION LIMITS
!NALYSIS AND STATISTICS
&OR ANALYSIS OF PLASMID DYNAMICS WE CROPPED DATA COLLECTED BEFORE
TRANSFER  BECAUSE PLASMID FREQUENCIES WERE DYNAMIC DUE TO SHORTTERM
ECOLOGICAL PROCESSES EG SELECTION FOR (G2 CAUSING PLASMID lXATION IN (G))	
TREATMENTS	 0LASMID CONSTANCY WAS CALCULATED USING THE &LUCTUATION )NDEX
	 AND ANALYSED BY !SYMPTOTIC 7ILCOXON -ANN7HITNEY 2ANK 3UM 4ESTS
4O COMPARE PLASMID DYNAMICS WE USED THE 2 PACKAGE ಫLMEಬ 	 TO lT
'ENERALISED ,INEAR -IXED %FFECTS -ODELS ',--	 WITH BINOMIAL RESPONSE
DISTRIBUTIONS AND LOGIT LINK FUNCTIONS 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 WE
COMPARED POPULATIONS USING &ISHERಬS %XACT 4EST &ULL DETAILS AND 2 CODE
CAN BE FOUND IN 3) 4EXT !NALYSES WERE PERFORMED USING 2 2 &OUNDATION
FOR 3TATISTICAL #OMPUTING 6IENNA !USTRIA	 AND PLOTS WERE CREATED USING
ಫGGPLOTಬ 	 &OR THE MATHEMATICAL MODELS PARAMETERS WERE ESTIMATED
EXPERIMENTALLY WHERE POSSIBLE 3) 4EXT	 NUMERICAL SOLUTIONS WERE FOUND
USING -!4,!" -ATHWORKS .ATICK -! 53!	 AND ANALYTIC INVESTIGATIONS
PERFORMED WITH THE HELP OF -ATHEMATICA 7OLFRAM #HAMPAIGN ), 53!	
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